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FOREWORD

The METOP documentation, related to the instrument inter-f&es  consists of the following two
documents :

- the General Instrument Interface Control Document (GICD - DIZD - 2 1).

This document aims at defining all the requirements on the interfaces, tests and programme to which
all the instruments shall comply for the METOP mission. It is a generic specification, applicable to
any of the METOP  payload complement instruments, that deals with interfaces from the platform
towards the instruments.

- The Instrument Interface Control Document (ICD) Outlines (DRD - 22).

This document gathers each individual instrument ICD outline that defines the technical and
programmatic interface information applicable to a particular instrument. It then deals witlz wtxfaces
from the instruments towards the platform, and with the instrument responses to the generic GICD
(DRD - 2 1).

Both documents have been elaborated by MATRA MARCONI SPACE along with DORNIER  and
MMS Space Systems, Ltd.
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1. GENERAL

1.1. PURPOSE OF THE DOCUMENT

The General Instrument Interface  Control Document (GICD) defines the requirements on the _interfaces,
tests and programme to which all the METOP  payload complement instruments shall comply.

This document, along with the Instrument Interface Control Document (ICD) Outlines, will form the
unique formal definition of interfaces for the METOP  programme. Roth documents will then be
configuration controlled by the METOP project team and formally signed off by the corresponding
responsible authorities (TBD).  In casts of conflict between the GICD and the ICD Outlines, the
agreement or definition in the ICD Outlines shall govern.

The objective of these documents is to ensure that :

- instruments are designed, built and verified within the umstmints imposed by the overall payload
complement, platform and launch vehicle,

- the platform Prime Contractor is able to design, build and verify the platform in such a manner that
the instruments can be successfully integrated into the system

- the spacecraft system can be successfully launched and operated to achieve the mission objectives of
the METOP  programme.

Note that this document is a preliminary specification that corresponds to the current definition status of
the system (Phase A).

The requirements related to the electrical interfaces are dealt with in a dedicated Technical Note
(General Avionics Instrument Interface. Control Document - GAICD, Ref. ME-IS-DOR-DOR-PM-
OOOl),  that is presented in annex  to this document. It is aimed at including its contents in the relevant
sections of the GICD in the future METOP  project phase.

1.2. OVERALL METOP PROGRAMME

The METOP  satellite is an element of the EPS/METOP system, that will be jointly developed by ESA
and EUMETSAT. This system mission objectives are operational meteorology and climate monitoring
from polar orbit, in order to complement the NOAA Polar Orbiting Environmental Satellite System.

The METOP  satellite is composed of a platform (or spacecraft) and a set of instruments constituting the
payload. This comprises :

Operational Meteorological Package

* Advanced Very-High Resolution Radiometer

* High Resolution I&-a-Red Sounder

* Advanced Microwave Sounding Unit - A

METCICD.DOCl

AVI-IRRf3

HIRSl3

AMSU-A l/A2
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* Microwave Humidity Sounder

* Data Collection System

* tied Atmospheric Sounding Interferometer

Climate Monitoring Payload

DCSl2

IASI

Advanced Scatteronxter ASCAT

Multi-fkquency  Imaging Microwave Radiometer MIMR

Scanner for Radiation Budget SCARAB

Global Ozone Monitoring Experiment GOME

Note that the METOP  programme comprises a series of two satellites : the first one is scheduled for an
ARIANE  4 launch in late 2000, and the second one will be launched in line with the operational needs.

-

1.3. APPLICABLE DOCUMENTATION

AD1 ME-RS-ESA-SY-0001 Issue 1 (June 93) Space Segment Requirement Specificxtion
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2. MECHANICAL INTERFACE REQUIREMENTS

Each Instrument Interface  Control Document (ICD)  shall define the Mechanical Interfaces in
accordance with the requirements specified below.

All the me&anical inter&es  shall be defined and implemented using the international system of units
(metric, SI).

2.0. SPACECRAFT MAIN CHARACTERISTICS

2.0.1.  Axis Definitions

Spacecraft Absolute Reference Frame (0, X,, Y,, 2,) F,.

This spacecraft-fixed coordinate system is used to define hardware location within the spacecraft. It is
ideally defined as follows (Figure 2.0/l)  :

- 0 is located within the spacecraft to launcher separation plane, at the centre of the attachment ring,

- The Xs-axis is perpendicular to this separation plane and oriented from the spacecraft towards the
launch vehicle,

- The Zs-axis is the normal-out of the surface that carries the stowed solar array,

- The Ys-axis  completes the right-handed orthogonal reference frame.

Local Orbital Reference Frame (G, X,, Y,, Z& F,

The origin of the local orbital reference frame is the spacecraft centre of mass in the operational
condition. The coordinates are known as the conventional pitch, roll and yaw systems. The yaw (Z,J
axis is directed towards the zenith, the pitch (X,) axis is directed towards the orbit positive normal, and
the roll (Y,J axis completes the system : it is then along the anti-velocity vector (Figure 2.0/2).

Spacecraft Centre of Gravity Reference Frame (G, X,, Y,, Z,-.) F,

This frame is obtained by a simple translation of the spacecraft absolute reference frame F, to the
satellite centre of gravity (G). It is the reference for the mass, centring  and moments of inertia
configuration.

Attitude Reference Frame (XAOCS, YAOCS,  Z,,-) FAocs

This frame  is obtained by the translation of the local orbital reference frame F, to the position of the
AOCS optical sensor (normal projection of the Earth sensor centre of mass on its mounting plane).

Spacecraft Optical Reference Frame (XSO,  YSO, Z& Fm

The Spacecraft Optical Reference Frame is defined by a master reference mirror cube (MRC) located at
a stable position on the spacecraft. The unit vectors along Xso Yso and Z,so will be nominally parallel
to and in the same direction as the unit vectors along X*ws. Yaps and 2~~s.  The real orientation of
Fso unit vectors are defined by the normals of the mirror cube.

[METGICDDOC]



MATRA MARCONI SPACE METOP
Ref : MlvWMETfSPE1159.94
Issue : 2 Rev.: 0
Date : September 1994
Page : 4

Instrument Interface Reference Frame (X,,, Y,, ZJ F,

For each payload instrument, an interfkce  reference  frame shall be used for any alignment, or alignment
stability requirements. It is defined from the mounting plane on the instrument side on a case by case
basis, that shall be clearly documented in the ICD Outlines. The axes are preferably parallel to XSO,
Yso, zw (Cf. p 2.1.2).

LAUNCH
DIRECTION

I

FLIGHT

DlRECTION

+Zs

t+xs
Satellite Reference  Frame
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figure 2.0/2 : Spacecraft and Local Orbital Reference Frames

2.0.2.  Spacecraft Architecture Concept

METOP  is a three-axis stabilised spacecraft  that is built around a primary structure consisting of :

- a service module (SVM), which provides all standard service elements

- a upper payload module (PLM)  that accommodates the different instruments and corresponding
electronic equipments.

The service module is a box-shaped structure, that interfaces with the launch vehicle at the bottom and
with the payload module at the top.

The payload module provides the main supporting structure and external panels on which are mounted
the payload instruments. It also provides internal accommcxiation  for both the payload support systems
and the instrument electronic units.
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2.1. INSTRUMENT PHYSICAL CHARACTERISTICS

Instruments shall be designed to be geometrically and mechanically independent from the platform in
order to simplify and permit flexibility in the payload module configuration and integration activities.
The instrument shall be designed to get either a single unit (containing all electronics, antennae, optical
devices...) which is extemahy  mounted onto the pWonn,  and so fInally  integrated,  either a set of
different elements (electronics, antennae, harness, wave guides..) which are integrated at payload
module level.

2.1.1. Module/Unit Identification

Each separately identifiable sub-assembly shall carry an identification with at least the following
in5ormation  :

- Equipment/Assembly Name
- Identification Psrt  Number
- Serial Number

The location and method of marking shall be identified in the ICD.

The external  unit dimensions in both launch and in-orbit modes, including mounting lug and
connector envelopes, shall be recorded in the ICD. Unit overall dimensions shall be to a tolerance of
1mmor10%oftbereal.slze.

2.1.2. Mechanical interface Control Drawing

The instrument  configuration and its interface requirements and dimensions shall be fblly detailed in one
(or more) Interface Control Drawing(s), that will be fully referenced by the Instrument ICD.

This drawing shall detail all coordinate systems utilised and their relationship to each other, together
with the principal instrument interfaces.

The instrument shall have a right handed orthogonal co-ordinate reference system (X,,, Y,, Z,) F, and it
shall be defined such that :

- the origin shall be physically located on an accessible, identifiable instrument exterior feature (e.g. the

centre of one mounting hole)

-the axes being ideally aligned with the T, Y,, Z, spacecraft  axes (Cf. 2.0.1),  e.g. for instruments

mounted on the platform nadir side, the datum plane which shall contain the X,,, Y, axes, is the plane
containing the unit mounting lugs, and the Z, axis is perpendicular to this datum plane in the direction
from the unit to the datum plane.

These axes shall be referred to on all drawings and any finite element description.

The instrument physical characteristics shall be detailed together with indication of volumes required for

moving and deployable parts. Where access to clear fields of view is required this shall also be shown.
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Provision of instrument CAD models will be asked with the following media and file formats :

- operating system : HP-ux

-mediatype:4mmDATtape

- media format : TAR

- file format (by order of preference) :

- 3D IGES (assembly as one entity)
- 3D IGES (assembly with each part in separate IGES file)
- 3D IGES
-DXF
- 2D IGES

For the unit equipped with an optical reference cube, the normal to the faces of that cube will define the
Unit Optical Reference Frame. This frame shall be nominally parallel to F,.

Location of the mirror shah be clearly identified in the ICD drawing(s).

2.1.3. Mass Properties

The mass allocated to the instrument shall include the total instrument hardware that is intended to
flight, i.e. instrument, mounting attachments and specific interface hardware if required.

Mass properties shah be established and recorded in the ICD. The record shall account for all mass
states and mass dynamics attributable to deployable, consumable, moving or jettisonable materials or
assemblies.

Mass shall be determined to the greater accuracy of 0.05 kg or 1% of instrument mass.

The Centre of Mass shall be determined to an accuracy better than 5 mm spherical error, in launch /
deployed configurations, referenced to the instrument coordinate axes.

Moments of Inertia at the centre  of mass location, about each major axis are to be determined for all
instrument configurations to an accuracy of 1% of the total instrument moment of inertia for that axis,
referenced to the instrument coordinate axes.
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2.1.4. Instrument Induced Diurbances

Dynamic forces and torques induced by instrument operation that are reacted at the instrument to
spacecraft mount shall be described and recorded, and comply with the limits specified here in. In case
an instrument is composed of more than one independently mounted assembly, these requirements apply
to each independently mounted assembly.

2.1.4.1. Non Recurring Transient Events

Forces and torques associated with, and the total momentum imparted  to the spacecraft by instrument
non-recurring events (e.g. during the release phase) shah be detemrined  for each axis and their values
recorded in the specific Instrument ICD outline, from the start to the end of the instrument internal
motion.

This information shall be provided using the following standards :

- an analytical model including for example the rotation and/or the translation axis, the masses and/or
the inertia in motion, the kinematic profiles, the actuators defaults and the static/dynamic  unbalances
of the moving part. All of these data shall be expressed in the instrument reference frame defined in
Q 2.1.2

- time measurements or simulation outputs of the forces and torques generated on each axis (expressed
in the instrument reference frame defined in $2.1.2)

2.1.42. Continuous and Recurring Transient Events

Forces and torques associated with, and the total momentum imparkd to the spacecraft by instrument
continuous and/or recurring events shall be determined  for each axis and their values recoTded  in the
specific instrument ICD Outline, from the start to the end of the instrument internal motion.

This information shall be provided using the following standards :

- an analytical model including for example the rotation and/or the translation axis, the masses and/or
the inertia in motion, the kinematic profiles, the actuators defaults and the static/dynamic unbalances
of the moving part. All of these data shall be expressed in the instrument reference frame defined in
p 2.1.2

- time measurements or simulation outputs of the forces/torques/momentum generated on each axis,
provided on a numeric tape, with the following characteristics :

l sampling frequency greater than 1000 Hz

l output format compatible with FORTRAN (double precision if possible)

l measurement point defined  and instrument reference hame used.

In both cases drawings presenting the corresponding time plots shall be provided with a time scale
between typically 10 mseckm and 1 mseckn.

In addition, the associated Fast Fourier Transform (FFI’)  of these outputs should be provided with the
normalization factor in both linear and logarithmic plots. The frequency content should be given
between 0 and 100 Hz.
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2.1.43. Induced Disturbance Torque Effect

The forces and torques which are computed at the instrument level, are translated to forces and torques
expressed at the spacecraft centre of mass level, by considering  the lever arms expressed in
Table 2.1.4/l  (distances between the instruments reference points and METOP centre of mass).

SCARAB -3.2m +05m - 0.9 m 3.4m

WME - 0.2 m - 1.3m - 0.8 m 1.6m

* ASCAT  : Distance between the deployable booa~  attachment points  on the platform and the spacecmf COG

Table 2.1.4/l : Level arms between the insbwnent  reference points
and the spacecrafr  centre of mass (Values TBC)

Then the frequency templates of the AOCS transfer functions are used to evaluate the effects of the
disturbing torque expressed at the spacecraft centre of mass on the spacecraft reaction wheels and on
the spacecraft dynamics. The following templates shall be used :

- Figure TBD : Gi (f) transfer function (METOP  rate) / (disturbing torque) for i axis (three figures).

- Figure TBD : 6 (f) transfer function (METOP wheel torque) / (disturbing torque) for i axis (three
figures).

The impacts of a disturbing torque acting at the METOP centre of mass which is characterized by a
bilateral Power Spectral Density Ci(f) for i axis (1 cr value), can then be evaluated to the following rules:

- Inducedpointingerror:

- induced rate error :

- Induced torque etror (reaction wheel) :

- Kinetic Momentum : TBD

The maximum  allowable ertors,  for any of the payload complement item, are defined in table TBD.

. --_--_-
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I Instrument I X I Y I Z I

Table TBD : Instrument Maximum Allowable Errors

2.1.4.4. Flexible Modes

TBD

2.15. Field of View Definition

Where relevant, the instrument shall define in its specific ICD outline its field of view requirements
referenced to the unit caMhate system.

The definition shall cover the following points :

scanning mode presentation and scanning plane definition ;

instrument vertex as a three dimensional position in the unit system, and aperture shape

instrument boresight direction, as the centreline or nadir line of the instrument field of view (if
possible)

instrument htantaneous  field of view (IFOV)

instrument field of view : its definition shall consider different types of limitations for different zones
of the field of view, clearly justifying the technical bases for the different limitations. For instance, in
a first zone, the requirement could be the absence of other bodies, iu a second zone, the absence of
highly reflective bodies, and in a third zone, the absence of specular reflecting surfaces. These fields
of view shall be defined in angles related to the boresight direction.

In addition, the instruments shaI1  define any requirement on solar exclusion field of view.
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2.2. INSTRUMEhT  MOUNTING ATTACHMEhTS

The attachment points shall be designed to guarantee the co~ection  of the iIBrrUments  to the platform
structure thtoughout  the ground and orbital life of the spacecraft.

23.1. Method

I Instrument mounting shall  be described in the ICD and should be accomplished by bolts, passing
through instrument flanges, lugs or structural components, which mate with spacecraft supplied
hardware. At least four bolts shall be used to attach each independently mounted instrument assembly to
the spacecraft. Instrument mounting bolts shall be ISO-metric  fine thread titanium bolts used with steel
ahoy washers. Instrument designs shall incorporate mounting provisions of sufficient size, number and
location to assure survival of the worst combination ‘of ultimate level conditions, including thermal
differential loadings, without permanent deformation or damage to either instrument or spacecraft.

Instrument assemblies to be mounted to the SVM shall be designed to use M4 bolts for attachment. A
minimum spacing between these attachments shall be 25 mm.

Instrument assemblies intended for external mounting on the PLM shall be designed to use M5 or M6
(M5 preferred) bolts for attachment. Minimum distance between attachments shall be 100 mm.

Mounting bolt size, number and location shall be recorded in each instrument ICD. Bolts shall be
supplied by the instrument contractor.

23.2. Reference Point (Hole)

Mounting compatibility with the spacecraft will be assured by the use of matched precision drill
templates provided by the instrument supplier. The location of all Reference points shall be fully
dimensioned in the interface control drawing.

All attachment holes shall be located with respect to a master reference point with tolerances no greater
than the following :

- Distance: kO.1 mm

- Pitch Circle: Radial + 0.1 mm

Angle + 1 arc minute

2.23. Mounting Surfaces

The spacecraft will provide a planar mounting surface to which the inslnment  is bolted. The surface
shall be flat to less than 0.1 mm in 100 mm and have a surface  roughness of 1.6 micron RA. The
mounting surface shall be parallel to one of the spacecraft principal reference planes. The Instrument
mounting attachments shall be compatible with this interface.

The instrument mounting surface characteristics (including planarity) shall be recorded in each
instrument ICD.
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2.2.4. Materials

Materials used shall be selected  from the ESA preferred mate&k list (PSS-Ol-701),  or shall be
demonstrated to conform  with the requirements of PSS-Ol-701,  applicable documents.

Where considered applicable, the effects of Atomic Oxygen with possible synergistic effects fmm
thermal cycling and near/far ultra-violet, shall be addressed.

All metals shall be either corrosion resistant, or suitably treated using an ESA approved process to
resist corrosion (including stress corrosion).

Where it can be avoided, dissimilar metals shall not be used in intimate contact with each other unless
treated by an approved process to resist electrolytic corrosion.

A full material and processes list shall be contakd in the Instrument Interface C&rol Document.

235. Interface Loads

The then-ml coefficient of expansion of the platform mounting surface is 2.0 x lo4 PC (CFRP) for the
purpose of determining instrument attachment loads and designing insmtment provisions. Some
instrument may not withstand such an interface. This shall be negotiated on a case by case basis, and
the design of a specific interface hardware will then be considered.

Spacecraft instrument-attaching hardware (e.g. threaded inserts) shall accommodate axial, radial and
torsional loads in accordance with Table 2.X without yield or failure.

From these, instrument attachment load limits shall comply with the following :

cr/r,>* + (S/s&’ + (M/M&2 Il.0

where,

- T, S and M are the actual values of Tension, Shear and Moment loads applied to the attachment bolt.

- T,, S, and M, are the insert strength capability specified in Table 2.2-l.

Note: Compression (C, G) where capability is specified, shall be used instead of tension (T, T,) if a
lower instrument load limit would result.

Compliance with these load requirements shall be shown in the ICD.

METOP

PANEL

+Y

+Z

- z

TENSION COMPRESSION MOMENT SHEAR

0 0 (NJnm) 0

4770 4950 43313 3816

4770 4950 43313 6311

4770 4950 43313 5064

Table 2.2-1: Spacecmft  Insert S!rength for instrument Mounts

-

-
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2.2.6. Accessibility

Instruments shall not require assembly or disassembly to effect mounting on or dismounting from the
spacfxraft.

The instrument design shall permit easy access to mounting bolts and to test points and components (i.e.
oscillators) that may require adjustment.

Interface Drawings and descriptions shall identify these points.

22.7. Grounding Point

Titanium and Ti Alloy bolts used for grounding on Aluminium structures, shall be used with stainless
steel washers between the head of the bolt and the Aluminium structure.

All instmments  shall be capable of being grounded via a single point attachment and this shall be clearly
identifiied.

The physical definition of the ground stud is given in $5.
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23. POINTING RJZQUIREMEhTS

The insmment  shall  define in the specific ICD its required pointing performances at the instrument
interfkce  reference frame. They shall be expressed in 30 values for any of the three axes for a specific

frequency bandwidth (typ.  O-4 Hz), and cover the following characteristics :

- Absolute pointing error (separation between the actual and comma&d pointillg  directions)

- Absolute measurement error (separation between the actual and on-board measured pointing
directions)

- Absolute rate error (separation between the actual and the commanded pointing rate).

The platform pointing performances are presented in 0 1022.

2.4. ALIGNMENT

The integration / alignment of all instruments on the METOP platfotm  is a Prime Contractor
responsibility. It is the instrument responsibility to provide an instrument / unit design which is
compatible with the required alignment accuracy.

2.4.1. Optical Reference Cube

Instruments requiring precision alignment shall be equipped with an optically re5ective cube. This unit
optical reference frame will be accurately aligned on-ground with respect to the Spacecraft Optical
Reference Frame (Xso,  Yso,  Z,) Fso. The instrument cube shah have on each reference face a surface
of at least 645 sq. mm. Reference faces shall be orthogonaI to each other within f 1 arc second.

During the alignment phase, the unit optical reference lkune will be aligned with respect to the
spacecraft optical axes. Thus special attention shall be paid to the criticality of this reference, and
therefore on the reliability of its fastening system and the possibility of providing a redundant reference.

The reference cube(s) shall be permanently affixed to the instnunent.  The cube(s) shall be located on the
instrument such that two faces are accessible for direct viewing by an external (to the spacecraft)
mounted theodolite. Viewing will be realised  when the instmment  is mounted on the spacecraft, without
the removal of other spacecraft instruments, subsystems or hardware items.

Optical cube installation location, orientation and direct viewing access shall be documented.

2.43. Alignment Procedure

Each instrument shall be equipped with suitable means (i.e. shims, screws, eccentrices...) to adjust the
unit alignment on the platform and these means are part of the instrument deliverables. When shims are
provided, their minimum resolution shall be equal to 3/100  of mm.

Resolution of these adjustment means : TBD

For each instrument, a description of the adjustment method shah be provided for approval. This shall
include as a minimum a definition of the instrument adjustment range (e.g. minimum and maximum tilt
angle) and a detailed description of the hardware used for that purpose.

-
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At last, the instrument designer shall demonstrate that the adjusrment  activities will not introduce
stresses in the instrument and in the platform structure (or that the stresses are quantified and stay

below an acceptable level).

2 .43 .  C~Alig.nment

General establishment of instmrnent  co-alignment shall be by dimensional control of the instrument
mounting hole locations with respect to the critical axes of the instrument. This is related to locations of

mating  spacecrafk  hardware that is dimensionally controlled with respect to the spacecraft reference
frame.

Co-alignment reqkerne nts between instrument interface feet shall be tinted in the insnument
ICD. The following co-aligmnent will be real&d :

- AMSU Al/A2 0.05 deg (30) with respect to AVHRW3

- HlRw3 0.05 deg (30) with respect to AVHRR/3

- IASI, 0.05 deg (30) with respect to AVHRRA

-h4HS 0.05 deg (30) with respect to AVHRRA

^ --_- -_-
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25. STRUCTURAL DESIGK

25.0. General Requirements : Load Cases

me instrument shall be designed to withstand exposure to the environments it will encounter during its

life time without degradation to its performances and without detrimental influence on the spacecraft of

other instrument performances.

The following load types shah be analysed concerning their applicability, magnitude, time/duration of
occurrence for each structure :

- quasi-static accelerations
- low frequency Uansient accelerations
- high frequency  random accelerations
- coupled analysis loads
- sine vibration loads.

I - shocks (e.g. separation, deployment of other instruments, self-induced...)
- acoustic noise
- differentiaJ  pressures (venting)
- thermal gradients
- loads induced by different thermal expansion coefficients of mated materials
- assembly forces (e-g.: torqued bolts, marmon  clamps)
- thrust of propulsion systems
- loads induced by mechanical operation
- latchin&nlatching forces/torques
- fluid dynamic effects
- residual stresses
- loads due to handhng(assembly,  integration, test) and transportation

The principal cases judged relevant to an instrument &sign shall be identified.

In order to assure the structure will withstand without failure all experienced loads and environments,
the structural designer shah derive and document in a single report dimensioning load cases from the
critical combinations of load types and environments identified during all phases of snuctural life.

The life phases shall be investigated, and described, systematically horn manufacturing, storage,
naz+xx&  handling, testing, refurbishment, launch, ascent  and in-orbit events.

All insnument loads shah be reacted at the instrument mounts. Static and dynamic loads may be applied
to the instrument in any direction.

The instrument shah be capable of operating in both a one gravity load (applied in any orientation) and
a zero gravity load environment.

25.1. Limit Loads

The instmment design shall use “A” value strength allowables and other physical properties from :

- hail-HDBK-5  for metals
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- MIL-HDBK-17 for laminates and bonded suuctures.
- CFRP stiffness properties shall use mean values.

Design limit loads shall be defined as themaximum anticipated load, or combination of loads, which the
structure is expected to experience during its lifetime. The effects of environmental phenomena acting at
the time of the design condition must be included (e.g.: elevated v).

2.52. Quasi-Static Design Levels

For METOP  preliminary design purposes, the quasi-static design load factors derived from Figure 2.5/l
shall be applied. It shall be understood that Figure 2.5/l  is only a design tool, it does not imply that a
static test must be performed to the levels indicated by it.

These factors have to be applied for determining  loads and their use :

- applied at the instrument Centxe  of Mass.
- into the principal instrument/spacecmft  axis giving the worst case reactions
- it should be taken that the loads are not acting simultaneously

For all instrument with masses larger than 100 kg the factor is conslant and equal to 15 g_

Detailed load factors for design and test purposes for the insmunent  individual structures will be issued
after the coupled analysis of the complete spacecraft.

IMlT LOAD FACTOR (g)

EQUIPMENT MASS (kg)
-

Figure 2.5/l : Qua&Static  Design L.oad  Factors
_ -_.- _^_
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2 5 3 . Safety Factors on Design Limit Loads (Factor of Safety)

A factor of safety is a multiplying factor greater than, or equal to, unity. This is applied to a design limit
load and accounts for uncertainties in the definition of design loads, analytical simplifications,

manufacturing tolerances... Table 2.5/2  reflects the factors to be used for dimensioning a mechanical
item. With the exception of proof factor, they are applicable to design limit loads for evaluation of the
Margin of Safety.

It is recalled that the Margin of Safety is defined as the following ratio :

M.S.=af-l>O
j-0

with Of : Material characteristics at failure point (allowables fi-om  material data sheet)

0: Design limit load
j : Relevant safety factor

The Design Limit Loads applicable to a particular insmnnent are TBD.

Test Levels shall be :

- Qualification tests are 1.25 x Flight Limit Loads

- Proof testing shalI  be to 1.2 x Flight limit loads

- Acceptance tests are 1.1 x Flight Limit Loads

Local loading (inserts)  shall have an Ultimate safety factor of 2.0 except for payload attachment inserts
which shall have an ultimate safety factor of 15.

-

25.4. Dynamic Characteristics and Structural Mathematical Models

254.1. Stowed

As a basis all instrument units shall show a first natural frequency higher than 100 Hz when bolted at
their flight interfaces to a rigid fixture. Resonances of internal items (PCB’s,  discrete large components)
should also be higher than 100 Hz to avoid coupling with inputs from the launcher / Spacecraft, which
as a consequence of high amplification factors might compromise their functional capabilities. As soon
as this requirement (> 100 Hz) is met, no mechanical interkce model will be required.

Exception to the above requirement is admitted for large / heavy instrument units (to be determined on a
case by case basis). These units shall then show a first natural frequency higher than 60 Hz when bolted
at their flight interfaces to a rigid fixture. This second class of insmunents  shall predict early in their
development phase, their dynamic characteristics utilising a finite element model. Hence, the Instrument
Contractor shall provide the following items :

- a validated Reduced Interface Finite Element Model ;% NASTRAN  format that will be integrated
into the overall structural mathematical model of the Satellite. The Reduced Finite Element Interface
model shall have approximately 1% degrees of freedom. 2-
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MINIMUM SAFETY FACTORS

Non-Pressure Load Cases Yield Ultimate Fmof Buckling

General Structure - Metallic

Verified by Analysis and  Test

Verified by Analysis only

1.1 1.5 1.5

1.25 2.0 2.0

General Structure - Non-Metallic

Verified by Analysis and Test

Verified by Analysis only

1.5 1.2 1.5

3.0 3.0

Flight
Limit Loads

Qualification Loads

4 Design Limit Loads

-2Y
x 1.25 /I

x 1.2

Proof

Ultimate / Buckling x 1.5 (Analysis and Test)

x 2.0 / 3.0 (Analysis Only)

x 1.1 (Analysis and Test)
x 1.25 (Analysis Only)

Figure 2.92 : Safe@ Factors
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- a stiffness representative Structural Model of the instrument for integration on the Satellite
Suuctural  Model for satellite level vibration testing.

The above models shah be supplied with all the relevant documentation  to understand and run the

model.

Note that the above requirements apply to all hardware and shall be demonsuated by analysis and
confirmed  by test.

For instruments whose first natural frequency has been derived solely by analysis, the above fmquencies
of 60 and 100 Hz, shah be increased by 10% to 66 and 110 Hz.

2.5.4.2. Deployed

The first natural  frequency of the METOP instrument in its deployed configuralion shall be above
3.5 Hz. The provision of a mechanical model (Cf. 5 2.5.4.1.) is required.

2.6. MECHANISMS

2.6.1. Functional Requirements

Instruments employing electromechanical devices shah be functionally analysed to determine loads
deriving from their activation, both in orbit or on ground, as applicable. These mechanisms shall be
designed to minimize static and dynamic disturbances to the platform.

Some mechanisms, to be agreed on a case by case basis (i.e. aperture door mechanism), shah have
devices providing position tell-back. When release by one shot actuators is proposed, they shah be
capable of being operated mechanically for test purpose. They shah allow re-installation of new
actuators without need for major disassembly of the mechanisms, when integrated on the platform.

2.6.2.  Performance Requirements

Mechanisms shah be designed to the same criteria as all other structural items. They shah therefore
withstand without degradation all the environments they will be subjected to during then life. They shah
perform within their specifications during the complete lifetime, and shall be compliant with the EMC
requirements.

Electrical motm shah be able to withstand their corresponding stalling torque during at least 1 minute
without any permanent damage.

The mechanism shall be sized for any extreme values of the corresponding components of resistance :

- Inertia multiplied of divided by 1.1

- Friction multiplied of divided by 3.0
- Hysterisis multiplied of divided by 3.0
- stiffness multiplied of divided by 1.2

As a minimum, two extreme cases shah be envisaged :

- the maximum predicted action torques / forces against the minimum reaction torques / forces
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- the hum predicted action torques / forces against the maximum reaction torques / forces

The minimum action torque / force against 2 times the predicted or measured worst case reaction
torques / forces induced by friction, hysterisis or stiffness, shall be able to initiate the motion whatever
the start@ point (the components of resistance shall be multiplied the same factors as above).

The mechanisms shall be designed for the maximum number of the cycles expected during the
mechanism life. The minimum required functional safety factors on the number of cycles is 4. Life cycle
testing shall consist in performing 4 times the nominal number of cycles or the nominal number plus
10 cycles, whichever is greater.

Deployable Antennae or Booms

Separate tests (TBD) shall be performed to demonstrate the operation of deployment under the
spacecraft loading conditions and the withstanding of pyrotechnic release shock.

Note that the deployable antennae or booms shah withstand in their deployed configuration the
spacecraft spin loading conditions that occur in Safe Mode, without degrading the pointing
perfomrances  of the deployed item.

2.7. PYROS

TBD

2.8. INSTRUMENT APERTURE COVERS

2.8.1. Sensor Covers

The units that incorporate a sensor aperture shall be delivered with a dust/protective  cover over the
aperture. These covers can either be removable before flight or part of the instrument and so
deployed/retracted in orbit.

2.83. Removable Covers (Non-Flight Items)

All removable covers shall be :

- normally mmoved during system test when flight configuration is mandatory, i.e. thermal vacuum
testing or vibration testing unless other factors have priority (e.g. contamination prevention) ;

- accompamed  by a detailed procedure for their removal during integration ;

- easily identifiable as non-flight hardware. They shah also be clearly marked as non-flight items on the
relevant drawings.

2.83. Deployable Covers (Flight Items)

Any unit that absolutely requires an aperture cover at all stages of spacecraft integration and launch
shall incorporate a deployable cover activated by telecommand.
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This deployable cover shall be classified as a me&anism and the deploymentketraction mechanism shall

meet the design reqkements of $2.6. The variations of centre  of gravity and Moment of Inertia of the
instmmentproducedbyhe deployment shall be ’ * * 4.

The cover deployment and retention system shall be described in the corresponding instrument ICD.

The cover deployment system used shall take into account the fields of view and other requirements
fixxn adjacent instxuments and/or units. This system and the way to operate it shall therefore be agreed
with the METOP  project team during the design phase. Solutions that minim.& the variations of the
required insuument volume during/after deployment will be preferred.

28.4. Purging Interfaces

The location for the purge valve shall be clearly defined.
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3. THERMAL INTERFACE REQUIREMENTS

3.0. SPACECRAFT THERMAL CONTROL CONCEPT

The METOP  spacecraft will consist of two separate modules : the Service Module (SVM)  and the

Payload Module (PLM). Each module has its own thermal design. Thermal decoupling between the
modules will be satisfied by ensuring low conductivity at the interfke and allowing therefore service
module and payload module thexmal  design to pr~~4 on an individual basis.

The thermal design of the METOP spacecraft will be an optimised passive design with controlled
ele-ctrical  heaters. As a general rule, the satellite thermal subsystem shall control the interface
temperature of all the payload *mits.

3.1. INSTRUMENT THERMAL CONTROL CONCEPT

3.1.1. Category ~

An instrument or instrument unit shall be defined in the ICD as being one of the following categories :

Category A : Individually Controlled Units

Category A instruments/units  shall be thermally isolated fkom the platform. They are conducfively and
radiatively decoupled from the platform structure and perform their own thermal  control. The thermal
design of these units shall be under the responsibility of the instrument contractor, controlled by defined
interfaces (heat exchange requirements, interface temperature specilications, thermal model) between
the unit and the platform.

Category B : Collectively Controlled Units

Category B instruments/units shall be thermally integrated with and controlled by the platform thermal
subsystem. Conductive coupling to the platform structure and radiative coupling to a platform
controlled environment will be defined taking into account unit internal characteristics and conductive
interike temperature specifications.

Category C

Category C instruments/units shall be those where the thermal control responsibility is shared between
the instrument contractor and the platform thermal control subsystem.

As a baseline, all sensors belong to the A category, and all electronic units to the B category (Cf.
Table 3-M).

3 .12 .  Responsibiity

The thermal control philosophy of each instrument, module or unit shall be &tied in the instrument
ICD. This shall include a statement of the major heat flows away from each item and how this is
achieved. The instrument contractor is responsible for the provision of adequate information about the
internal design and the corresponding simplified thermal mathematical model.
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Instrument Category

AVHRR/3 C
HIRS/3 C
AIvlSU-AI A

Ah4su42 A

h4HS A

DCS/2 B

IASI
Sensor A

Electronics AorB
ASCAT

Antennae and SFE A
Electronics B

MIMR
Sensor A
Elemonics B WC)

SCARAB A
GOME A

Table 3.1/l : Instrument Thermal Concept Category

-

Category A

The instrument contractor shah be totally responsible for the internal and external thermal &sign of the
instrument, module or unit_ During normal operation the instrument thermal &sign shall control the
temperature of the module within the required operating temperature range. The instrument contractor
shall not rely on a heat flow to or from the platform for the thermal control of the module. The
instrument contractor shall define and integrate heaters and thermostats which shall be used for the
thermal control of the module during nonoperating, standby and lower modes of operation. These
thermostatically controlkd heaters will be powered directly from the platform theunal control units.
Both main and redundant thermostatically controlled heater circuits shall be provided. The instrument
contractor shall provide and integrate all thermal finishes and insulation blankets (MLI)  on the module.

Category B

The instrument contractor shall be responsible for the internal thermal &sign of the unit_ The platform
thermal control subsystem shall be responsible for main&ing the thermal environment of the unit

within acceptable temperatures during all unit modes of operation. The platform thermal control
subsystem will provide all necessary heaters thermistors and thermostats.  The platform thermal control
subsystem will define the external thermal finish required for the unit. The instrument contractor shall
be responsible for the application of all paints and conversion sting required, tapes and other finishes
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will be supplied by the platform thermal control subsystem who may be responsible for their application
if requested.

Category C

The instrument contractor shall be responsible for the internal and external thermal design of the
instrument or unit but where thermal control measures are mquired by the platform thermal control
subsystem, this shall be specified in the instrument ICD. The platform themA control subsystem shall
be responsible for all thermal control hardware external to the instrument/unit necessary to meet these
requirements The instrument conuactor shall define and integrate heaters and thermostats which shall be
used for the thermal control of the instrument/unit during non-opemting,  standby and lower modes of
operation. These theimostatically controlled heaters will be powered direUIy Ikan the platform thermal
control units. Both main and redundant thermostatically controlled heater circuits shall be provided. The
instrument contractor shall pmvide and integxate all thermal finishes and insulation blankets (MLI)  on
the instrumem/unit.  The instrument contractor shall be responsible for the definition and integration of
all thermistors  necessary for the thermal monitoring of the instmmentAinit_

I
Harness Thermal Control

1 TBD.

3.2. INSTRUMEhT  TEMPERATURE REQUIREMENTS AND THERMAL CONTROL
BUDGETS

3.2.1. Temperature at Conductive Interface

The ICD shall deline the following acceptance and qualification temperature requirements for each
module or unit which comprises the instrument :

- Operating Temperature Range

(independent of the instrument operating modes)

- Non-Operating Temperature Range (Survival),

As a baseline, the instrument is not switched on when this temperature is applicabie.

-Unit Switch-OnTempemture

- Temperature Stability

It will be mainmined  when the operating temperature range is applicable.

The Temperature Reference Point(s) (TRP)  at which these temperatures apply shall be defined in the
ICD. Note that the TRP will be monitoTed  by the platform thermal  control subsystem, and is on the
spacecraft side of the interface. The platform  temperature ranges at the temperature reference points for
the different units are specified in Figure 3 .2.1/l.
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Platform Temperature

operating  @% c)

Figure 3.2.1/l  : Platform Temperature Ranges

Each contractor responsible for thermal &sign shall provide  temperature specification at the conductive
interface for the item under their responsibility so that the connactor responsible for the other side of the
interface can use these temperatures in their thermal design and analysis. These temperatures shall not,
however, supersede any tempemmre  tequirement  specified in a higher level specification.

3 2 2 . Environmental Temperature (Radiative Interface)

The instrument contractor shall define in the ICD the desired radiator fields of view to space. This may
be expressed as a geometric view factor or preferably as either a Gebhart radiative factor or radiation
term (W/K?,  which &fines the total radiative view to space, both by direct view and by reflections
from adjacent surfaces.

Any special interface requirements or definitions shall be spxified in the ICD. Examples of this include
the need to prevent solar illumination of parts of the instrument.

Instrument contractors responsible for the external thermal design of instruments, modules or units will
be provided with an overall geometric model of the spacecraft and its instruments which shall be
constructed by the spacecraft thermal control subsystem using the interke geometric models supplied
by other instrument contractors. The spacecraft thermal control subsystem will provide temperatures for
these surfaces and a sink temperature for each instrument.

3.23. Heater Power Budgets (Categories A and C)

The instrument contractor shall define in the ICD the resistance and tolerance of each heater circuit in
the instrument, module or unit_ The heater power budgets for these heaters will be defined  for the
various modes of opemtion of the instrument. Note that, in nominal operations, the heater power shall
remain within the total power allocation. It shall be stated whether this heat power is supplied on a
dedicated power bus or not.

3.2.4. Instrument Thermal Dissipation

The instrument contractor shall define in the ICD the thermal dissipation of each instrument, module or
unit during the various  modes of operation of the instrument. Both peak and orbital average dissipations
shall be defined_ For Category B units the instrument contractor shall define in the ICD any non uniform
heat flux / dissipation at the unit baseplate which may affect the thermal control and temperature of the
unit.
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335. Heat Exchange Budgets

For Category A instruments, modules and units the maximum heat flow in or out of the platform shall

be less than 5 Watts. Exceptions to this may be considered on a case by case basis. The instrument
contractor shall supply the calculated heat flows between the instrument, module or unit and the
platfotm,  positive values being used for heat flow from the platform to the instrument.

For Category B units the instrument contractor shall supply the heat flows to or kern the platform
obtained from the unit thermal analysis. The conductive and radiative heat flows shall be specified
separately, positive values being used for heat flow fi-om the platform to the instrument.

32.5. Thermo-Elastic  Interface

The &sign pehmances  of the me&anical mounting attachments shall also take into account the
thermal loads encountered during all mission phases. The thermal  coefficient of expansion of the
materials either side of the interface shall be defined in the ICD.

33. THERMAL INTERFACES

The general characteristics of the instrument to spacecraft thermal interface and the requirements for its
thermal control shall be as given below. For each instrument, a detailed desa@tion of its interface and
thermal requirements shall be included in the instrument ICD.

33.1. Thermal Interface Drawing

The instrument contractor shall prepare and supply Thermal Interface Drawings which shall define the
total thermal interfaces. These drawings and their issue shall be included in the instrument ICD. The
interface mquimments given below may be defined either in the ICD or in this Thermal interface
Drawing. It shall, at least, contain the following data :

- overall layout
- dimensions - ovetall size including thickness and their attachment
- Temperature Reference Point (TRP)
- radiator areas
- external surface optical properties
- apertures (position and size)
- blankets
- blanket performance
- optical properties of box in/outside and protruding parts, apertures... (BOL,  EOL if applicable)
- non operational heater location
- spacecraft powered thermistor location (if applicable)
- grounding of ML1



MATRA MARCONI SPACE METOP
Ref : Mh%SfMET/SPW159.94
Issue : 2 Rev. : 0
Date : septembez  1994
Page : 28

33.2. Conductive Interfaces

The ICD shall contain a clefkiition  of the conductive interface.  If this is the same as the mechanical
interface then specific reference shall be made to the relevant section or drawing in the ICD.

For each Category B unit the baseplate contact area with the PLM shall be defined.

333. Radiative Interfaces

The external finishes of the instrument (ML1 ,coatings,  finishes etc.) shall be de6ned along with their
optical proper&  at BOL and EOL.

For each instrument radiator, its area, field of view, required radiator temperatures and rejected heat
shall ;Oe defkd in the instrument ICD. The instrument thermal design shall be capable of some
adjustment to the radiator size and finishes to obtain a satisfactory thermal design with the fields of view
obtained with the spacecraft configuration.

33.4. Thermal Heat Capacity

The Thermal Heat Capacity of each unit or module comprising the instrument shall be defined in the
ICD.

335. Instrument  Temperature Measurement

The location, type and electrical interface of all devices used for instrument temperatnre measurement
shall be defined in the ICD.

33.6. Thermal Mathematical Models and Analysis

Analysis

Conuactors responsible for thermal design shall demonstrate the thermal performance of items under
their responsibility by analysis using well tested established software. For Category C items where the
responsibility is shared, the instrument contractor &all be responsible for the initial thermal analysis of
the external then& &sign of the instruments, module or unit to establish the requirements on the
spacecraft conuactor  to be defined in the ICD.

For METOP  the following software packages may be used :

SIN-DA ESATAN
THERMICA MATVIF and MATFLUX
TRASYS ESARAD

In order to ensure compatibility between various elements, to provide  understanding between
contractors, and to facilitate exchange of mathematical and geometric models, it is essential that there
are restrictions on the features used that these software packages provide. Such restrictions shall be as
defined in TBD.

-
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Analysis cases
The contractor responsible for the thermal design shall establish the analysis design cases to be analysed
to demonstrate the acceptability of the thermal control design throughout the various mission phases. As
a mimmum, the following shall be considered :
- BOL and EOL
- -Maxmum and minimum  envimnmental  conditions
- Steady states and tmnsient  analyses
- stowed and deployed

Analysis Reports

Analysis reports which facilitate the requirements, understanding and definition of the thermal interface
shall be delivered to the relevant contractors via the spacecraft contractor.

33.7. Thermal Interface Models

The instrument contractor shall provide interface models (in ESATAN)  to the spacecraft contractor.
The purpose of these interface models shall not be to predict instrument temperatures but to provide
thermal interface data to be used by instrument contractors responsible for surrounding instruments in
their thermal &sign and analysis. These interface models shall consist of mathematical models and
geometric models which shall :

- enable both steady state and transient analyses to be performed

- have optical properdes for both BOL and EOL analyses

I
- be representative of all interface heat fluxes

- where appropriate, enable different configurations of the instrument (e.g. stowed and deployed) to be
analysed.

Thefullmquin?ments for delivered mathematical and geometric models shall be as defined in TBD.

3.4. THERMAL ENVIRO_NMEKIAL CONDITIONS

3.4.1. Mission Phases

The instruments thetmal control design shall ensure that the instruments are maintained within
acceptable temperature limits for the following mission phases :

- Pm-launch
- Launch
- First acquisition phase
- NominalOpetation
- Contingency modes (safe modes)
- Reacquisition phase
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3.4.2. Attitude

‘fhe att&ie of the METOP  spacecraft will vary depending on the phase of the mission :

Fht Acquisition Phase

After separation from the launch vehicle the METOP  spacecraft  may have any attitude for a nnxirmm
time period of 60 minutes (T’BC).  During this period all payload deployable elements will be in a stowed
condition and the spacecraft will be thruster controlled.

Nominal Operation

During this phase the METOP spacecraft will be Earth pointing with the spacecraft -Z axis pointing
earthward along the Earth ellipsoidal local normal. The spacecraft -Y axis wilI  be close to the velocity
vector. The spacecraft Z axis (yaw) will be steered according to a sinusoidal function over the orbit with
an amplitude of approximately 4 degrees (TBC).

Safe Mode Attitude

In this mock the spacecraft will point its principal inertia axis to the Sun within an error cone of
215 deg. during sunlit phases. When leaving eclipse, the error cone angle may be as high as 30 deg. due
to drift during eclipse. The error cone of 215 deg. will be achieved within 300 sec. after the end of the
eclipse period. During safe mode, the METOP spacecraft will rotate about its principal inert&Z axis
with a rate of 0.5 + 0.1 degkc. During safe mode the spacecraft will be thmster  controlled.

Re-Acquisition

In the event of AOCS failure, the nominal operation attitude may be lost at any time during the mission
The maximum duration of this loss of nominal operation attitude shah be 7000 seconds. A minimum
rotation rate of TBD degkec about any axis shall be assumed during this time. The spacecraft is
thruster controlled during this phase.

Attitude During  Out-Of Plane Manoeuvres

In order to apply thrust in the outof  plane direction, the METOP spacecraft will be rotated about the
spacecraft Z axis by 290”  with respect to the nominal attitude for a maximum duration of 2 periods of
30 minutes duration per orbit. The interval between such manoeuvres will be approximately 100 days.

3.43. Operational Orbit

The METOP spacecraft will operate in a Sun synchronous circular orbit with the following
characteristics :

- Altitude818~3Okm
- Descending node time: 9:00 am + 5 minutes
- Orbit Inclination: 98.705 deg.

The variation of Solar Aspect Angle (90”-beta  angle) throughout the year is given in Figure 3.4/l. The
variation of the angle between the orbit plane and the Sun (beta angle) wit respect to the solar
declination is given in Figure 3.4/L?.
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Figure 3.4/l  : Variation of Solar Aspect Angle
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Figure 3.41’2 : Variation of Beta Angie With Solar Declitudion



MATRA MARCONI SPACE METOP
Ref : MMSMEiT/SPE’159.94
Issue : 2 Rev.: 0

,Datfz : September 1994
page  : 32

3.4.4. External Fluxes

Launch

For METOP, the nominal instant of jenisoning the fairing  will be such that the aerothermal  flux is less

than 500 W/m* (TEIC).Solar,  albedo and Earth shine heat inputs shall also be taken into account when
detem$ning  the heat input into equipments during this time.

A maximum axial thermal flux of 3 kW/m*  is generated for 1 second at the separation plane of the
spacecraft (flux calculated on plane surface perpendicular to the spacecraft X axis) due to retrorocket
firing. A maximum radial thermal flux of 0.5 kW/m2 is generated during this time

Solar

The design value of the solar constant shah be 1371+-  5 W/m2 at a distance of 1.495985E+8  km (1 AU)
in the absence of the Earth’s atmosphere. Taking this solar constan&  its uncertainty, and the distance to
the Sun, Figure 3.4/3 gives the variation of solar flux during the year.

Solar Spectml Irradiance

The solar spectral it-radiance given in Table 3.4/4  shall be used for calculations which require solar
irradiation data over narrow wavelength bands. The estimated error in these values is 25% in the
wavelength range 0.3 to 3.0 m_ The values are for a distance of 1 AU from the Sun and correspond to
a total flux of 1371 W/m2.

SOLARIRRADIENCE(‘WhN
.-

_ _ _,_ _ _ , _ _ _,_ _ _ _,_ _ _ , _ _ _,_ _ _ , _ _ _,_ _ _  _I_ _ _ r _ - _,_ - _

_ _ _‘_ _ _ 2 _ _ _‘_ _ _ _‘_ _ _ : _ _ _‘_ _ _ 1 _ _ - ‘_ _ _ _’ _ _ _ ‘_ _ _ _ ’ _ _ _

1300 1
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Figure 3.4/3 : Variation of Solar Flux
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Ihl-th Abed0

The global Earth albedo is the ratio of total solar radiation reflected fi-cxn  the Earth to the incident solar
radiation. Its spectral distribution can be approximated by a black body at 5760 K.

For thermal design the Earth albedo shall be taken to vary between 03 and 0.4.

Earth shine (Earth Radiation)

The Earth and its atmosphere radiate in the i&a-red  and between 8 and 12 pm it can be approximated
to that radiated by a black body at 288K. At longer wavelengths the approximated black body
temperature is 218K. The emitted Earth shine is not constant over the globe as it is influenced by the
temperature of the Earth’s surface, (both land and sea), by the amount of cloud cover, and by the air
temperature and its water content.

For thermal design the Earth shine shall be taken to vary between 216 and 258 W/x$.

3.45. Space Sink Temperature

The radiation temperature of space is 4K.
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NAVELENGTH AVERAGE WAVELENGTH

IRRADIANCE

(run) (w/m2.cun) @M

0.22 58.3 1 . 1 0

0.24 63.8 1.20

0.26 131.7 1.30

0.28 225.0 1.40

0.30 520.8 1.50

0.32 841 .O 1.60

0.34 1088.3 1.70

0.36 1082.2 1.80

0.38 1134.9 1.90

0.40 1448.0 2.00

0.42 1770.2 2.10

0.44 1834.1 2.20

0.46 20935 2.30

0.48 2101.6 2.40

0.50 1967.8 2.50

0.55 1747.9 2.60

0.60 1688.2 2.70

0.65 1531.1 2.80

0.70 1387.2 2.90

0.75 1251.4 3.00

0.80 1121.7 3.20

0.85 1001.1 3.40

0.90 900.8 3.60

0.95 846.1 3.80

1.00 755.9 4.00

AVERAGE

IRIUDIANCE

(w/m’.&

599.9

490.4

4013

340.5

290.8

2472

204.7

161.1

127.7

104.4

91.2

80.1

68.9

64.9

54.7

48.6

43.6

395

35s

31.4

22.9

16.8

13.7

11.2

9.6

TABLE 3.41’4: SOLAR  SPECTRAL IRRALMANCE  AT 1 AU
FOR SOLAR CONSTANT OF 1371 W/m2
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4. ELECTRICAL INTElWACE  REQUIREMENTS

4.1. POWER SUPPLY INXERFACES

I
cf. Annex

42. COMMAND AND CONTROL INTERFACES

I
Cf. Annex

4.3. SCIENCE DATA INTERFACES

Cf. Annex

4.4. HOUSEKEEPING TELEMETRY

I
Cf. Annex

45. CONNECTORS AND HARNESS

Cf. Annex

5. EMC/RJ?C INTERFACE REQUIREMENTS

Cf. Annex
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6. CLEANLINESS AND SPACE ENVIRONMENT

6.1. CLEAWLINEBS  REQUIREMENTS AND CONTAMINATION COhTROL

Instruments shall be contamina tion fi-ee to the extent that they do not degrade the perfotmance or
cleanliness of the spacecraft or any other equipment, Cleanliness shall be achieved by the judicious
selection of nonxontaminating components and materials, use of facilities and processes that minim&
contamination from these sources and use of processes to clean equipments of any accrued
comaminants.  A contamination control programme addressing :

-thedetermination of contamination sensitivity

- the determination of contamination  allowance

- the determination of a contamination budget

- the development and implementation of contamination control procedures

shall be effected.

All sources of contamination that can be emitted from the instrument shall be identified and documented
in the ICD.

Protective Covers

Sensitive instrument  surfaces shall be covered during spacecraft integration and test, shipment, launch
site processing and launch.

Provision of instrument protective cover is under the instrument responsibility. The ICD shall spxify if
and when protective covers (such as bags, draping materials or hard covers) are required to keep the
instrument clean during AI’T phase, and the procedures for their use.

Instrument Environment

The instrument will be provided with plume flow field analyses for all thrusters : TBD.

Particulate and Molecular Cleanliness

The instruments will be integrated with the spacecraft in a class 10,000 clean room environment and
maintained in that environment as much as possible during the integration and test flow.

GSE Cleanliness Requirements

Any GSE which must accompany the instrument into a clean room area must be cleaned and clean room
compatible. Any GSE which must be in the vacuum chamber during thermal vacuum testing must be
cleaned up and vacuum compatible.

6.2. RADIATION EWlRONblEh-T

Instruments shall meet their specified performance when exposed to the radiation environment that
characterizes the specified orbit for the useful lifetime (four years) and the worst case time period.
These radiations are twofold :

-
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- trapped  proton and  electron fluxes, high energy solar flare proton fluence,

- galactic cosmic rays and heavy ions.

63.1. Zadiation Deposit Dose

The radiation dose specific to the METOP spacecraft is TBD.

The radiation tolerances for each instrument component design (integrated dose) shall be included in the
specific instmment  ICD.

62.2. Single Event Upset (SEU) and Latch-Up Effects

Those are instanraneous effects produced by energetic particles.

Instruments shall be capable of withstanding and recovering from SEUs and transients induced by the
singular or combined effects for cosmic rays, solar flares and geomagnetically trapped protons.

The fluxes specific to the h4ETOP spacecraft are TBD.

The fluxes considered to assess the instrument component criticality with regard to SEU and latch up
shall be documented in each specific ICD.

63 . SPACE ENVIRONMENT COXSTRAINTS

63.1. Meteoroid and Space Debris

METOP  in a low Earth orbit is exposed to a certain flux of micrometeoroids and man-made space
debris. Collisions with these particles can take place at relative velocities of tens of km/s. All flight
assemblies shall be designed to function within specification during an after exposure to the meteoroid
and space debris fluence for the four year operation time.

The meteoroid and space debris fluence specific to the METOP spacecraft is TBD.

The assumptions considered for each instrument with respect to these fluxes shall be included in each
specific instrument ICD.

63.2. Atomic Oxygen

The spacecraft motion through the residual amrospheric  atomic oxygen generates a flux to the
spacecraft surfaces. The incident atomic oxygen can lead to chemical reactions, and hence changes of
the surface characteristics, in terms of thermo-optical, structural, outgassing or electrical properties.

All surface materials exposed to atomic oxygen shall be designed to function within specification during
exposure to the atomic oxygen fluence.

The way this effect is addressed for the instrument design shall be documented in each specific ICD.
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7. INSTRUMENT DESIGN AND VERIFICATION REQUIREMENTS

This section establishes the verification requirements for the qualification  and flight certification of the
instrument units giving specific test leve!s and durations and describing acceptance test and analytical

methods for implementing the requirements.

The Instrument Supplier shall prepare a Verification Plan which defines the tests and analyses and that
collectively demonstrates that hardware and software complies with the requirements.

The Verification Plan shah show the overall approach to accomplish the instrument qualification and
acceptance pmgramme. When appropriate the interaction of the test and analysis activity shall be
d e s c r i b e d .

All items to be flown on the spacecraft have to be qualified. The qualification demonstrates that the
product meets the design and performance requirements. An item that has been already qualified  needs
only acceptance testing when qualified to levels same as or greater than specified for METOP.  The
acceptance demonstrates that the particular item is functional in its nominal environment.

7.0. DEFIWTIONS

Design  Qualification Verification

Tests and analyses intended to demonstrate that the item will function within performance specifications
under simulated conditions more severe than those expected from ground handling, launch and orbital
operations. The purpose is to uncover deficiencies in design and method of manufacture and is not
intended to exceed design safety margins or to introduce unrealistic modes of failure.

Acceptance Verification

Tests intended to demonstrate that hardware is acceptable for flight. It also serves as a quality control
screen to detect deficiencies and normally to provide the basis for delivery of an item under terms of a
contract or agreement.

Functional Tests

The operation of a unit in accordance with defined operational pmcedures to detetmine that
performance is within the specified requirements.

Performance VeriCation

Determination by test analysis or a combination of the two that the complete instrument or i.nstrurnent
unit can operate as intended in a particular mission : this includes proof that the &sign of the complete

instrument or instrument unit has been qualified and that the particular item has been accepted as
compliant to the &sign and ready for flight operations.

Thermal Balance Test

A test con&d  to verify the adequacy of the Thermal Model the adequacy of the thermal design and
the capability of the thermal conuol system to maintain thermal conditions within established mission
limits.

-
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